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(54) Process for the crystallization of polyester resins 

(57) Aromatic polyester resins are continuously 
crystallized in afluid^^ 

gas (nitrogen) enters at a temperature not tower than 
195'C and the average residence time is higher than 5 


minutes. 
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Description 

The present invention relates to an improved process for continuous crystallization of polyester resins and the equip- 
ment used in the process. 

The aromatic polyester resins, particularly three of them, the polyethyleneterephthalate (PET), the copolymers of 
the terephthalic acid with minor proportions of isophthalic acid and polybuthyleneterephthalate, find wide application 
both in the fibres and films area, or as moulding material. 

While for fibres and films the intrinsic viscosity of the resin is in general between 0.6-0.75 dl/g, for the moulding 
material are necessary higher values, which are with difficulty directly obtainable by the polycondensation process of 
the resin. 

The intrinsic viscosity is increased to the required values (in general higher than 0.75 dl/g) by means of solid state 
polycondensation (SSP) processes of the resin, at a temperature in general between 200 and 230°C. 

The starting resin used for the SSP process is in the amorphous state; it is therefore necessary to take it to a 
sufficient degree of crystallinity before being submitted to the SSP process. 

The crystallization is necessary in order to avoid polymer chips plugging in the polycondensation reactor that is in 
general formed by a vertical moving bed, where the polymer fed from the top is passed through by an inert gas stream 
which remove the volatile residual products of the polycondensation reaction (ethylene glycol and acetaldehyde in the 
case of polyethyleneterephthalate). 

The chips of amorphous PET tend to soften at 70-80°C. To avoid that the chips agglomerate among them forming 
encrustations and plugs in the equipment, in some processes in use the chips are maintained under continuous move- 
ment in order to avoid that the same are in contact among them for too long time with consequent irreversible crystalline 
increase of the particles and agglomerates formation crushing-resistant. 

Processes of this type are carried out in discontinuous. The most widespread continuous processes use particular 
mechanical mixers where the chips are subjected to a forced movement. The temperatures are in general between 1 80° 
and 220°C. 

The subsequent polycondensation step is carried out at temperatures higher than those used during the crystalli- 
zation (USP 4.161 .578) or the treatment is carried out at temperatures relatively high comprised between 220 and 260°C, 
and then the polycondensation process is carried out at temperatures in general lower than those of crystallization (USP 
4.064.112). 

A drawback of the mechanical mixers is represented by the polymer tendency to stick on the mixer and/or on the 
mixer walls. 

A f fuidized bed that does not require mechanical inserts has not the troubles of the mechanical mixers. 

The use of a whirling f luidized bed has the drawback that the residence times of the particles coming from the bed 
are distributed in a wide values range with consequent wide distribution of polymer crystallinity values. 

The SSP process, to be effective, requires that the polymer crystallinity is as much uniform as possible. 

Uniform values of crystallization degree are obtained combining the whirling fluidized bed with a fluid bed acting 
with piston movement. 

The piston movement of the bed allows to realize residence times with very narrow distribution and to obviate the 
broad distribution of the crystallinity values deriving from the use of the whirling fluidized bed. A crystallization process 
of this type is described in the USP 5.1 19.570. 

The material obtainable with this process presents however such a high agglomerates percentage (higher than 
40%) that it is necessary a previous de-agglomeration process before sending the material to the SSP stage. 

The crystallinity degree obtainable at the exit from the whirling bed is relatively low too; about 3-4% of polymer is 
in the amorphous state. 

The final crystallinity at the exit of the piston bed is uniform, but it does not reach high values (about 33% of crys- 
tallinity). 

The process management is problematic due to the difficulty of maintaining the piston movement in the bed and 
the facility by which the bed tends to break in a continuous process and to pass to a mixing condition. 

It has been unexpectedly found that it is possible to crystallize polyester resins in a whirling fluidized bed (with mixing 
characteristic) obtaining, surprisingly, at the exit of this bed, uniform values of polymer crystallinity. This result renders 
unnecessary the use of fluidized beds with piston movement. 

It has been moreover found, and this is another aspect of the invention, that the material coming out from the whirling 
fluidized bed is practically free from agglomerates and reaches a high crystallinity value. 

The high crystallinity degree of the material coming out from the fluidized bed (comprised) between 38 and 42%) 
allows to use, without troubles, mechanical mixers acting at temperatures higher than those used in the fluidized bed, 
and equal, for example, to those used in the SSP stage. 

The crystallization process in the whirling fluidized bed of the invention is characterized by the fact that the inert gas 
used for the bed fluidification is fed to the bed at a temperature not lower than 195°C and comprised between 195 and 
235°C, and the average residence time of the particles that pass through the bed is higher than 5 minutes and is in 
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mixtures, preferably using oxygen in stoichiometric quantity with respect to the impurities present in the gas to be depu- 
rated. 

A purification process of this type is described in PCT/EP93/03117 application whose description is herewith 
enclosed by reference. 

5 The gas coming out from the oxidation reactor is optionally subjected to a hydrogenation process with hydrogen to 
eliminate the oxygen excess and a part is recycled to the fluid bed without previous drying and the remaining part is 
sent to a drying step and then recycled in part to the fluid bed and in part to the polycondensation stage. 
The following examples are given to illustrate but not to limit the invention. 

10 Example 1 

A quantity of 8330 Kg/h of amorphous polyester polymer was fed in a whirling fluid bed precrystallized with char- 
acteristics as shown in Fig. 1 (Step 1). 

The amorphous polyester is chip-shaped with 2 x 2.5 x 2.5 mm dimensions and is a copoethyleneterephthalate 
is containing units deriving from isophthalic acid in percentage of 2.3%, the intrinsic viscosity is of 0.60 dl/g. 
The average residence time in the fluid bed is of 10 minutes. 

In this step was used N 2 as fiuidization gas having an average speed in the bed of 3.2 m/s. 
The gas temperature at the entrance in the bed was 220°C and was maintained constant by means of an electrical 
heater. 

20 The polymer coming out from the bed fed two mechanical mixers (steps 2 and 3 respectively) with the characteristics 
as shown in Fig. 2. 

The residence time in each step was 22 minutes. The chip temperature was 21 1°C in step 2 and 208°C in step 3. 

In Table 1 are shown the results obtained at the exit of each step; at the exit of the first step neither agglomerates 
nor chips with the amorphous original characteristics unchanged are found. The crystallization distribution was measured 
25 obtaining an average value of 37.3% comprised between a minimum of 36.3% and a maximum of 38.1%. 

At the exit of steps 2) and 3) average values of crystallinity of 41 .3% and 44.3% were found respectively. 

The test was repeated (tests 2 and 3) using the same polymer but changing the process conditions. 

As it results from Table 1 . the requisites, as absence of agglomerates and amorphous material at the exit of step 1 , 
as well as the distribution of the crystallinity percentage around an average value, remained unchanged. 

30 

Example 2 

The test of example 1 was repeated using a different thermal profile. 

The data concerning the used condition and the dispersion of the crystallinity distribution are shown in Table 2. 
35 Also in this case, samples were collected at the exit of step 1 ), amorphous polymer and conglomerates were absent. 
In Table 2 are shown the data concerning the solid state polycondensation process (SSP reactor). 
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1 

2 

3 

10 

Solid feed in step 1 Kg/h 
Fluidization gas temp. °C 
Fluidization gas speed m/sec 
Average residence time step 1-min 

8330 
220 
3.2 
10 

8330 
225 
3.2 
10 

10000 
225 
3.2 
8.5 
25 


Average residence time step 3-min 

22 

22 

15 

Amorphous polymer % after step 1 

0 

0 

0 


Agglomerates % after step 1 
Crystallization degree after step 1 - % 

0 
37.3 

0 
40.8 

0 
37.3 

20 

Crystallization degree 
max/min after step 1 - % 
Crystallization degree after step 2 - % 
Crystallization degree after step 3 - % 

38.1/36.3 
41.3 
44.3 

41.5/39.8 
44.0 
45.5 

38.2/36.4 
40.05 
43.0 
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Table 2 


Stepl 

Step 2 

Step 3 

SSP reactor 



T 8 




225 221 

220 

211 

206 

208 

200 208 

% cryst. 

% cryst. 

% cryst 

% cryst. 

39.8 | 42 

43.6 I 44.5 

46.4 J 47.2 

56.8 I 58.9 

T mr = Heatinc 
T s = Tempera 

I medium temperature 

ture of the solid coming out from the step. 
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wJSS* and tetrllo.etnane operating at 25-C accord.no to ASTH-4603-86. 


Claims 

dence time ot the polyrner in the bed is Ngher than 5 mn. 

, Process according to claim ,. where* «. » «"*- — 210 - ^ «" 

55 residence tim - is comprised between 7 and 1 5 mm. 

, Processaccordingtoc.^^^^ 

crystallization steps, wherein the chip temperature .s increased between 
higher than 30 min. and comprised between 30 and 70 mm. 
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4. Process according to claim 3, wherein the polymer is fed to a mechanical mixer which moves the material longitu- 
dinally and submits it to radial mixing. 

5. Process according to claim 3, wherein the material coming out from the mechanical mixer feeds a second mixer 
5 ' operating at the temperature of the first mixer and corresponding to the temperature used in a solid state poly- 
condensation step of the resin. 

6. Process according to claim 3, wherein the crystallization steps are carried out in one or more f luidized beds or in a 
fluidized bed combined with mechanical mixers. 

70 

7. Process according to claims 1 and 2, wherein fluidification inert gas is nitrogen. 

8. Process according to any one of the previous claims, wherein the polyester resin is polyethyleneterephthalate or 
copolethyleneterephthalate containing from 1 to 20% of isophthalic acid units. 

15 

9. Process according to claims 1 and 2, wherein the crystallinity degree of the resin coming out from the fluidized bed 
is comprised between 38 and 42% by weight 

10. Process according to claim 9, wherein the resin coming out from the fluidized bed does not contain amorphous 
20 polymer fractions and is agglomerates free. 

1 1 . Process according to any one of the claims from 2 to 6, wherein the crystallinity degree of the resin coming out from 
the crystallization steps is comprised between 40 and 50% by weight. 
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(54) Process for the crystallization of polyester resins 

(57) Aromatic polyester resins are continuously 
crystallized in a fluid bed crystallizer, where the fluidiz- 
ing gas (nitrogen) enters at a temperature not lower 
than 195°C and the average residence time is higher 
than 5 minutes. 
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